Aurora B family kinases play an essential role in chromosome segregation and cytokinesis. Recent work suggests that the kinase activity is required for bipolar chromosome orientation, kinetochore assembly, spindle checkpoint and microtubule dynamics. Aurora B also has additional functions in chromosome condensation and cohesion.
Kallio et al. [6] used a kinase-inhibiting Aurora B antibody to interfere with Aurora B function in Xenopus XTC cells or egg extracts. They observed milder defects in chromosome congression and spindle morphology. While many chromosomes aligned at the metaphase plate, some chromosomes failed to align and remained near the poles. The spindles in antibody-inhibited cells had kinetochore fibers as well as markedly extended astral microtubules. Despite the defects in chromosome congression, the cells exited mitosis without anaphase or cytokinesis. Antibody inhibition in Xenopus egg extracts demonstrated that Aurora B is required for both the establishment and maintenance of the spindle checkpoint. The failure of all chromosomes to biorient, and the increased stability of astral microtubules, also suggest that the kinase activity of Aurora B promotes microtubule dynamics.
Kaitna et al. [7] examined the organization of the holocentric kinetochores in cells of the Caenorhabditis elegans after disruption of AIR-2, the nematode Aurora B homolog, by RNA interference (RNAi). In the Aurora B-depleted embryos, localization of kinetochore components appeared normal at prometaphase, appearing as two discrete bands flanking each chromosome as in wild type. But at metaphase, the kinetochore was disorganized, with components appearing throughout the chromatin. Chromosome segregation in anaphase was poor, but kinetochores appeared attached by microtubules to spindle poles. The authors propose that the chromosomes may exhibit disorganized kinetochores because of 'merotelic' attachment, with individual kinetochores attached to microtubules from opposite poles.
If one sister kinetochore becomes attached to both spindle poles, the kinetochore would be twisted and the chromosomes would align along the axis of the spindle and not segregate properly in anaphase as observed. Merotelic kinetochore attachment might contribute to the lagging chromosomes seen during anaphase in Drosophila cultured cells depleted of either INCENP or Aurora B [8] . Merotelic kinetochore attachment is a major mechanism that results in errors in chromosome segregation in mammalian tissue cells [9] . Thus, another apparent key mitotic function of the Aurora B kinase is to prevent or correct improper kinetochore microtubule attachment.
More than 30 years ago, Nicklas and Koch [10] showed that tension at kinetochores promotes stable microtubule attachment. The work of Kaitna et al. [7] along with recent studies [11, 12] on the function of the single budding yeast Aurora ortholog Ipl1, now provide a foundation for understanding the molecular basis of how the stability of microtubule attachment is regulated. The yeast studies [11, 12] show that Ipl1 corrects mis-orientation of kinetochores by destabilizing microtubule attachment at kinetochores under low tension. An attractive hypothesis has been proposed for how tension induces stable microtubule attachments when chromosomes become properly bioriented [12, 13] . Pulling forces at sister kinetochores stretch the centromere, and this stretch is proposed to move the kinetochores physically away from the inner centromeric location of Aurora B, allowing stable microtubule attachment.
While all these studies describe defects in chromosome congression, the complete lack of kinetochore attachment to the mitotic spindle caused by the dominant-negative Aurora B (K-R) in NRK cells [4] is a much more severe phenotype than the defects in chromosome congression seen in Xenopus cells [6] or C. elegans embryos [7] . These data also contrast with the effect of ipl1 mutations in budding yeast: in ipl1 mutant yeast cells, kinetochores have an extremely stable attachment to microtubules [11, 12] (kinetochore-microtubule interactions after perturbation of Aurora B function are compared in Figure 1 ).
Another interesting difference between yeast and higher eukaryotes is the requirement of the Aurora kinase for the spindle checkpoint. In budding yeast, Ipl1 is required to arrest cells when tension at kinetochores is missing because of unreplicated chromosomes or a lack of sister chromatid cohesion [13] . However, ipl1 mutants arrest normally in presence of the microtubule-destabilizing drug nocodazole [13] . In contrast, overexpression of Aurora B (K-R) [3] or microinjection of Aurora B antibody [6] causes vertebrate cells with uncongressed chromosomes to exit mitosis without exhibiting anaphase. Kallio et al.
[6] also show that inhibiting Aurora B kinase activity causes a failure to activate the spindle checkpoint in response to either spindle disassembly by nocodazole or a lack of kinetochore tension caused by taxol stabilization of microtubules. It may be that in metazoans, inhibiting Aurora B kinase disrupts kinetochore composition, so that the spindle checkpoint cannot be activated under any circumstances. This interpretation is supported by the absence of dynein, CENP-E and Mad2 at unattached kinetochores in cells expressing Aurora B (K-R) [3, 4] .
In addition to its roles in the mitotic checkpoint, kinetochore-microtubule attachments, and chromosome segregation, Aurora B kinase is involved in chromosome condensation and cohesion in C. elegans. Aurora B kinases were previously suggested, based on their ability to phosphorylate histone H3, to play a role in chromosome condensation [14] . Kaitna et al. [7] found an interesting temporal difference in the requirement of Aurora B for chromosome condensation, which involves the condensin protein complex: condensin function during prometaphase is Aurora B independent, whereas condensin activity during metaphase requires the kinase [15] . This difference is nicely illustrated by comparing the effects of eliminating Aurora B (by AIR-2 RNAi) with the phenotype of disrupting condensins (by MIX-1 or SMC-4 RNAi). Aurora B is also shown in this report [7] , as well as another recent paper [16] , to play a role in the cohesion of homologous chromosomes in meiosis I. It had been previously noted that oocyte meiosis is abnormal in Aurora B-depleted embryos [17] . Knowing this, Kaitna et al. [7] examined the localization of AIR-2 in meiosis. They found that, at metaphase I, Aurora B kinase is restricted to the region distal to the chiasmata, and this restricted localization depends on a crossover event. It is exactly this region where cohesin is destroyed in order for homologs to separate during anaphase I. The results of Kaitna et al. [7] and Rogers et al. [16] lead to a model in which localization of Aurora B kinase to the chromosomal arms distal to chiasmata leads to the phosphorylation and localized destruction of the meiotic cohesin REC-8.
In addition to the new functions for Aurora B kinase discussed here, Aurora B and its binding partners, INCENP and Survivin, have other key functions in cytokinesis [2] . Accurate chromosome segregation by the mitotic spindle now appears to depend as much on this family of Aurora kinases as it does on activity of cyclin-dependent kinases. In particular, there is much to be learned about the protein targets that Aurora B kinase controls for its many functions in mitosis.
